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SYSTEM FOR DETECTING DETERIORATION OF
A THREE-WAY CATALYST OF AN INTERNAL
COMBUSTION ENGINE

BACKGROUND OF THE INVENTION

“This invention relates to a deterioration detecting
system for detecting deterioration of a three-way cata-
lyst of an internal combustion engine, and more particu-
larly to a system of this kind which detects deterioration
of a three-way catalyst based on outputs from two HC
sensors arranged in an exhaust passage at locations up-
stream and downstream of the three-way catalyst, re-
spectively, for detecting the concentration of hydrocar-
bons present in exhaust gases.

Conventionally a deterioration detecting system has
been proposed e.g. by Japanese Patent Publication
(Kokoku) No. 51-29260, which detects deterioration of
a catalytic converter arranged in an exhaust system of
an internal combustion engine by companug outputs

~ from two temperature sensors arranged in the exhaust

passage at locations upstream and downstream of the
catalytic converter, respectively. |

Further, another deterioration detecting system has
been proposed e.g. by U.S. Pat. No. 4,007,589, which
detects deterioration of the catalytic converter by com-
paring outputs from two oxygen concentration sensors
arranged in the exhaust passage at locations upstream
and downstream of the catalytic converter, respec-
tively.

‘However, neither of the above-proposed systems
does not directly monitor the purifying performance of
the catalytic converter, but detects temperatures of
exhaust gases or values of concentration of oxygen
present in same, to indirectly monitor the purifying
performance of the catalytic converter by the use of the
detected temperatures or values of concentration of
oxygen, which makes it impossible to accurately detect
deterioration of the catalytic converter.

Moreover, in the case of the former system using the
temperature sensors, there is a time lag before the tem-
perature of the catalytic converter is detected by the
temperature sensor downstream of the catalytic con-
verter, and hence there is a possibility of delayed detec-
tion of deterioration of the catalytic converter.

Further, in the case of the latter system using the
oxygen concentration sensors, the oxygen concentra-
tion sensors have the output characteristic that nor-
mally the sensor output is inverted across the stoichio-
metric air-fuel ratio of an air-fuel mixture supplied to
the engine. Therefore, the manner of detection of dete-
rioration of the catalytic converter by the use of outputs
from the oxygen concentration sensors is unavoidably

complicated. Furthermore, the catalytic converter can-
not be checked anytime but only under limited operat-
ing conditions of the engine.

SUMMARY OF THE INVENTION

It is the object of the invention to provide a deteriora-
tion detecting system for detecting deterioration of a
three-way catalyst of an internal combustion engine,
which is capable of accurately detecting deterioration
of the three-way catalyst by the use of two HC sensors.

To attain the above object, the present invention
provides a system for detecting deterioration of a three-
way catalyst of an internal combustion engine having an
exhaust passage, the three-way catalyst being arranged
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in the exhaust passage for purifying noxious compo-
nents present in exhaust gases, the system comprising:
a first HC sensor arranged in the exhaust passage at a
location upstream of the three-way catalyst for detect-
ing concentration of hydrocarbons present in exhaust
gases;
a second HC sensor arranged in the exhaust passage

at a location downstream of the three-way catalyst for

detecting concentration of hydrocarbons present in
exhaust gases; and

deterioration-determining means operable to com-
pare an output from the first HC sensor with an output
from the second HC sensor, and determine from results
of the comparison whether the three-way catalyst 1s
deteriorated. |

Preferably, the system further includes memory
means for storing at least one of a value of the output
from the first HC sensor and a value of the output from
the second HC sensor when the supply of fuel to the
engine is interrupted, and correcting means for correct-
ing at least one of values of the outputs from the first
and second HC sensors by the at least one of the values
of the outputs stored. The deterioration-determining
means carries out comparison based on the at least one
of the values of the outputs corrected by the correcting
means.

More preferably, the deterioration-determining
means determines whether the three-way catalyst 1s
deteriorated, from results of comparison between a ratio
of a value of the output from the second HC sensor to
a value of the output from the first HC sensor and a
predetermined value.

Further preferably, the deterioration-determining
means determines that the three-way catalyst is deterio-

rated when the ratio of the value of the output from the

second HC sensor to the value of the output from the
first HC sensor is larger than a predetermined value.

Preferably, the deterioration-determining means de-
termines whether the three-way catalyst is deteriorated,
from results of comparison between an average value of
the value of the output from the first HC sensor and an
average value of the 1waluf&: of the output from the sec-
ond HC sensor.

The above and other objects, features, and advan-
tages of the invention will become more apparent from
the ensuing detailed description taken in conjunction
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
"FIG. 1 is a schematic diagram showing the whole

arrangement of a fuel supply control system for an inter-

nal combustion engine including a deterioration detect-
ing system for detecting deterioration of a three-way
catalyst according to the invention; |

FIG. 2 is a flowchart of a program showing the man-
ner of detection of deterioration of the three-way cata-
lyst, executed by a CPU §b appearing 1n FIG. 1;

FIG. 3 is a view showing the output charactenistic of
the HC sensors 17, 18 appearing in FIG. 1.

DETAILED DESCRIPTION

‘The invention will now be described in detail with
reference to the drawings showing an embodiment
thereof.

Referring first to FIG. 1, there is shown the whole
arrangement of a fuel supply control system for an inter-
nal combustion engine, including a system for detecting
the deterioration of a three-way catalyst according to
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the invention. In the figure, reference numeral 1 desig-
nates an internal combustion engine for automotive
vehicles. Connected to the cylinder block of the engine
1 is an intake pipe 2 across which is arranged a throttle
body 3 accommodating a throttle valve 3’ therein. A
throttle valve opening (€7y) sensor ¢ is connected to
the throttle valve 3' for generating an electric signal
indicative of the sensed throttle valve opening and sup-
plying same to an electronic control unit (hereinafter
called “the ECU”’) 5.

Fuel injection valves 6, only one of which is shown,
are inserted into the interior of the intake pipe at loca-
tion intermediate between the cylinder block of the
engine 1 and the throttle valve 3’ and slightly upstream
of respective intake valves, not shown. The fuel injec-
tion valves 6 are connected to a fuel pump, not shown,
and electrically connected to controlled by signals
therefrom. |

On the other hand, an intake pipe absolute pressure
(Pp4) sensor 8 is provided in communication with the
interior of the intake pipe 2 through a conduit 7 at a
location immediately downstream of the throttle valve
3' for supplying an electric signal indicative of the
sensed absolute pressure within the intake pipe 2 to the
ECU 5. An intake air temperature (T 4) sensor 9 1s in-
serted into the intake pipe 2 at a location downstream of
the intake pipe absolute pressure sensor 8 for supplying
an electric signal indicative of the sensed intake air
temperature T4 to the ECU 3.

An engine coolant temperature (Ty) sensor 10,
which may be formed of a thermistor or the like, 1s

mounted in the cylinder block of the engine 1, for sup-

plying an electric signal indicative of the sensed engine
coolant temperature Ty to the ECU 5. An engine rota-
tional speed (Ne) sensor 11 and a cylinder-discriminat-
ing (CYL) sensor 12 are arranged in facing relation to a
camshaft or a crankshaft of the engine 1, neither of
which is shown. The engine rotational speed sensor 11
generates a pulse as a TDC signal pulse at each of pre-
determined crank angles whenever the crankshaft ro-
tates through 180 degrees, while the cylinder-dis-
criminating sensor 12 generates a pulse at a predeter-
mined crank angle of a particular cylinder of the engine,
both of the pulses being supplied to the ECU 5. The
ECU 5 calculates an engine rotational speed Ne based
on the TDC signal pulses.

A three-way catalyst (CAT) 14 is arranged within an
exhaust pipe 13 connected to the cylinder block of he
engine 1 for purifying noxious components such as HC,
CO, and NOx. An O; sensor 15 as an exhaust gas ingre-
dient concentration sensor is mounted In the exhaust
pipe 13 at a location between the three-way catalyst 14
and the engine 1, for sensing the concentration of oxy-
gen present in exhaust gases emitted therefrom and
supplying an electric signal in accordance with an out-
put value thereof to the ECU §. Further, a catalyst
temperature (Tc47) sensor 16 is mounted on the three-
way catalyst 14 for detecting the temperature of same
and supplying a signal indicative of the detected cata-
lyst temperature Tc4q7rto the ECU 5.

Further, HC sensors 17, 18 are arranged in the ex-
haust pipe 13 at locations upstream and downstream of
‘the three-way catalyst 14, respectively, for detecting
the concentration of hydrocarbons present in exhaust
gases, and supplying signals having output voltages
corresponding to the detected concentration of hydro-
carbons (HC) as shown in FIG. 3, to the ECU S.
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A vehicle speed sensor 19 is connected to the ECU 3
for detecting the vehicle speed V and supplying a signal
indicative of the detected vehicle speed V to the ECU
5. Further connected to the ECU 5 is an LED (light
emitting diode) 20 for raising an alarm when deteriora-
tion of the three-way catalyst 14 has been detected in a
manner described in detail hereinbelow.

The ECU 5 comprises an input circuit 5a having the
functions of shaping the waveforms of input signals
from various sensors, shifting the voltage levels of sen-
sor output signals to a predetermined level, converting
analog signals from analog-output sensors to digital
signals, and so forth, a central processing unit (hereinaf-
ter called “the CPU”) 5b for executing a deterioration
detecting program described hereinafter etc., memory
means Sc storing various operational programs which
are executed in the CPU 5b, and a Ti map described
hereinafter, and for storing results of calculations there-
from, etc., and an output circuit 54 which outputs driv-
ing signals to the fuel injection valves 6 and the LED
20.

The CPU S§b operates in response to the above-men-
tioned signals from the sensors to determine operating
conditions in which the engine 1 is operating, such as an
air-fuel ratio feedback control region in which the fuel
supply is controlled in response to the detected oxygen
concentration in the exhaust gases, and open-loop con-
trol regions including a fuel cut region, and calculates,
based upon the determined operating conditions, the
valve opening period or fuel injection period Toyrover
which the fuel injection valves 6 are to be opened, by
the use of the following equation (1) in synchronism
with inputting of TDC signal pulses to the ECU 3:

Tour=TiXKpa XK1+ K3 (1)
where T; represents a basic value of the fuel injection
period Toyrof the fuel injection valves 6, which is read
from a Ti map set in accordance with the engine rota-
tional speed Ne and the intake pipe absolute pressure
Pg4.

Koz is an air-fuel ratio feedback control correction
coefficient whose value is determined in response to the
oxygen concentration in the exhaust gases detected by
the O sensor 15, during feedback control, while it is set
to respective predetermined appropriate values while
the engine is in predetermined operating regions (the
open-loop control regions) other than the feedback
control region.

K and K3 are other correction coefficients and cor-
rection variables, respectively, which are calculated
based on various engine parameter signals to such val-
ues as to optimize characteristics of the engine such as
fuel consumption and driveability depending on operat-
ing conditions of the engine.

The CPU 5b supplies through the output circuit 34,
the fuel injection valves 6 with driving signals corre-
sponding to the calculated fuel injection period Toyr
determined as above, over which the fuel injection
valves 6 are opened.

The manner of detection of deterioration of the three-
way catalyst 14 carried out by the deterioration detect-
ing system according to the invention will now be de-
scribed in detail with reference to FIG. 2 showing a
control program therefor. The control program is exe-
cuted by the CPU 55 whenever a TPC signal pulse is
inputted to the ECU S.
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First, at a step 101, it is determined whether or not the

engine 1 is in a starting mode. If the answer to this
question is affirmative (Yes), a typrsrtimer formed of a
down counter for measuring time elapsed after the en-
gine 1 left the starting mode is set to a predetermined
time period (e.g. two seconds) and started at a step 102,
followed by the program proceeding to a step 107. On
the other hand, if the answer to the question of the step
101 is negative (Yes), it is determined at a step 103
whether or not the count value of the typsst timer is
equal to 0. If the answer to this question is negative
(No), the program proceeds to the step 107, whereas 1if
the answer is affirmative (Yes), i.e. if the predetermined
time period t;pr st has elapsed after the engine left the
starting mode to enter a normal operation mode, the
program proceeds to a step 104.

At the step 104, it is determined whether or not a
cruising-judging flag F_ crs assumes a value of 1. This
flag is set by another routine such that it assumes the
value of 1 when a rate of change AV in the vehicle
speed V per two seconds is smaller than 0.8 km/h.

If the answer to the question of the step 104 1s nega-
tive (No), the program proceeds to the step 107,
whereas if the answer is affirmative (Yes), 1.e. if the
“vehicle is in a cruising condition in which there is little
change in the vehicle speed V, it is determined at a step
105 whether or not values of parameters indicative of
operating conditions of the engine are suitable for de-
tection of deterioration of the three-way catalyst 14.
Specifically, determinations are carried out as to
whether or not the intake air temperature T4 1s higher

than a lower limit value T4c4trcL (e.g. 20° C.) and

lower than a higher limit vale TqcarrcH (e.g. 80° C.),
whether or not the engine coolant temperature T 18
higher than a lower limit value TwcaracL (€-8. 50° C.)
-and lower than a higher limit value TwcarncH (€.8.
100° C.), whether or not the engine rotational speed Ne
is higher than a lower limit value NecqrrcL (e.g. 500
rpm) and lower than a higher limit value NeCATHCH
(e.g. 4000 rpm), and whether or not the intake pipe

absolute pressure Pp4is higher than a lower limit value

Ppcatacr (e.g. 260 mmHg) and lower than a higher
limit value Ppcaracr (e.g. 510 mmHg).
If any of the answers to the questions of the step 105
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condition suitable for carrying out the detection of
deterioration of the three-way catalyst 14, and then the
program proceeds to the step 107. On the other hand, if
all the answers to the questions of the step 105 are affir-
mative (Yes), it is determined at a step 106 whether or
not the catalyst temperature Tc47is higher than a lower
limit value TcaTcrxLMT (e.g. 450° C.) above which
‘detection of the deterioration of the three-way catalyst
14 can be carried out.

If the answer to the question of the step 106 is nega-
tive (No), the program proceeds to the step 107, where
a tcarmoni timer formed of a down counter for mea-
suring time elapsed after the engine entered the condi-
tion suitable for carrying out the detection of deteriora-
tion of the three-way catalyst 14 is set to a predeter-
mined time period tcyxmons (e.g. five seconds) and
started, followed by the program proceeding to a step
112. If the answer to the question of the step 106 is
affirmative (Yes), it is determined at a step 108 whether
or not the count value of the tcaxmons timer is equal to
0. If the answer to this question is negative, the program
proceeds to the step 112, whereas if the answer is affir-
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“equal to 0. If the answer to this question is negative

mative (Yes), i.e. if the predetermined time period

6

tcaxmonts has elapsed after the engine entered the con-
dition suitable for carrying out detection of the deterio-
ration of the three-way catalyst 14 (all the answers to
the questions of the steps 104 to 106 became affirma-
tive), the program proceeds to steps 109 to 114 to carry
out the detection of deterioration of the three-way cata-
lyst 14.

At a step 109, by the use of an output value VHCF4D
(digital value) of the HC sensor 17 upstream of the

three-way catalyst 14 and an output value VHCRAD

(digital value) of the HC sensor 18 downstream of the
three-way catalyst 14, an average output value

V ucrave of the HC sensor 17 and an average output

value VHCRAVE of the HC sensor 18 are calculated
by the following equations (2) and (3), respectively:

VHCFAVE = (2)

VHCFAD X (CHCAVE/100) + VHCFAVE X {(100 — CrcavE)/100]

VHCRAVE = (3)

Vicrap X (CHCAVE/100) + Vicrave X [(100 — Crcave)/100]

Vycraveand V gcraveon the right side of the above
equations represent output values Vgycr4ve and
V 5cr4vE obtained up to the last loop by the equations
(2) and (3), and Chcave represents a predetermined
numerical value selected from the range of 1 to 100.

At the following step 110, a zero point correction
value Vycrr for the HC sensor 17 is subtracted from
the average output value V gcrqygto obtain a corrected
average output value Vycrcuk of the HC sensor 17,

‘and a zero point correction value Vycrr for the HC

sensor 18 is subtracted from the average output value
Vycr4avE to obtain a corrected average value
Vucrcrk of the HC sensor 18. The zero point correc-
tion values Vycrr and Vycry are output values of the
HC sensors 17 and 18 stored when the engine 1 was
subjected to fuel cut (interruption of fuel supply). These
output values stored should normally be zero, but if
they do not assume a value of 0, it 1s necessary to cor-
rect the output values of the HC sensors 17 and 18, and
therefore the average output values Vpgcr4vE and
V ycrAvE are corrected by these values.

At the following step 111, it is determined whether or
not the ratio of the corrected average output value
V ucrcrk of the HC sensor 18 downstream of the three-
way catalyst 14 to the average output value VHCFCHK
of the HC sensor 17 upstream of same is larger than a
predetermined value CATcyximr(€.g. a value corre-
sponding to a HC purifying ratio of 50 %). If the answer
to this question is negative (No), i.e. if the concentration
of HC detected by the HC sensor 18 downstream of the
three-way catalyst 14 is lower than 50 % of the concen-
tration of HC detected by the HC sensor 17 upstream of
the three-way catalyst, it is judged that the three-way
catalyst 14 is not deteriorated, and the program pro-
ceeds to the step 112, where a tyccuk timer formed of
a down counter for measuring the duration of a state in
which deterioration of the three-way catalyst 14 1s de-
tected is set to a predetermined time period tgccuk (e.8.
10 seconds) and started. -

On the other hand, if the answer to the guestion of the
step 111 is affirmative (Yes), it is determined at a step 113
whether or not the count value of the tyccuk timer is

(No), the present program is terminated, whereas if the
answer is affirmative (Yes), i.e. if the state in which
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deterioration of the three-way catalyst was detected
(the answer to the question of the step 111 1s atfirma-
tive) has continued over the predetermined time period
tgccHk, it is judged that the three-way catalyst 14 is
deteriorated, and a deterioration flag F_c47nG 1S set to
a value of 1 at a step 114, followed by terminating the
present program. : |

When the deterioration flag F_c4rnG 1s set to 1, a
signal for driving the LED 20 is generated by another
routine, whereby the driver is warned of the deteriora-
tion of the three-way catalyst 14.

Thus, according to the system of the present inven-
tion, the purifying performance of the three-way cata-
lyst can be directly monitored, and hence deterioration
of the three-way catalyst can be accurately detected.

Although, in the above described embodiment, the
two HC sensors are used only for detection of deteriora-
tion of the three-way catalyst, this is not limitative, but
the output value of the HC sensor upstream of the
three-way catalyst may be also used for the feedback
contro!l of the air-fuel ratio in place of the O; sensor 15.

Further, although, in the above described embodi-
ment, the ratio between the average output values,
Vucrcuk, Yacrcuk of the HC sensors 17, 18 was used
for determination of deterioration of the three-way
catalyst 14, a difference between the two values
Vycrcuk, VHCRCHEK may be used, instead.

What is claimed is:

1. A system for detecting deterioration of a three-way
catalyst of an internal combustion engine having an
exhaust passage, said three-way catalyst being arranged
in said exhaust passage for purifying noxious compo-
nents present in exhaust gases, said system comprising;:

a first HC sensor arranged in said exhaust passage at
a location upstream of said three-way catalyst for
detecting concentration of hydrocarbons present in
exhaust gases and providing a first output signal
substantially proportional to the concentration of
hydrocarbons at said upstream location;

a second HC sensor arranged in said exhaust passage
at a location downstream of said three-way catalyst
for detecting concentration of hydrocarbons pres-
ent in exhaust gases and providing a second output
signal substantially proportional to the concentra-
tion of hydrocarbons at said downstream location;
and

deterioration-determining means for comparing said
first output from said first HC sensor with said
second output from said second HC sensor and for
determining from results of said comparison
whether said three-way catalyst is deteriorated.

2. A system according to claim 1 wherein said deter:-
oration-determining means determines whether said
three-way catalyst ia deteriorated, from results of com-
parison between a ratio of a value of said output from
said second HC sensor to a value of said output from
said first HC sensor and a predetermined value.

3. A system according to claim 2, wherein said deteri-
oration-determining means determines that said three-
way catalyst is deteriorated when said ratio of said
value of said output from said second HC sensor to said
value of said output from said first HC sensor 1s larger
than a predetermined value.

4. A system according to claim 1, wherein said deten-
oration-determining means determines whether said
three-way catalyst is deteriorated, from results of com-
parison between an average value of said value of said
output from said first HC sensor and an average value
of said value of said output from said second HC sensor.
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5. A system for detecting deterioration of a three-way
catalyst of an internal combustion engine having an
exhaust passage, said three-way catalyst being arranged
in said exhaust passage for purifying noxious compo-
nents present in exhaust gases, an oxygen concentration
sensor arranged in said exhaust passage for detecting
concentration of oxygen in said exhaust gases, and air-
fuel ratio feedback control means for controlling an
amount of fuel supplied to said engine in response to an
output from said oxygen concentration sensor, said
system further comprising:

a first HC sensor arranged in said exhaust passage at

a location upstream of said three-way catalyst for
detecting concentration of hydrocarbons present in
exhaust gases and providing a first output signal
substantially proportional to the concentration of
hydrocarbons;

a second HC sensor arranged in said exhaust passage
at a location downstream of said three-way catalyst
for detecting concentration of hydrocarbons pres-
ent in exhaust gases and providing a second output
signal substantially proportional to the concentra-
tion of hydrocarbons; and

deterioration-determining means for comparing said
first output from said first HC sensor with said
second output from said second HC sensor and for
determining from results of said comparison
whether said three-way catalyst is deteriorated.

6. A system for detecting deterioration of a three-way
catalyst of an internal combustion engine having an
exhaust passage, said three-way catalyst being arranged
in said exhaust passage for purifying noxious compo-
nents present in exhaust gases, said system comprising:

a first HC sensor arranged in said exhaust passage at
a location upstream of said three-way catalyst for
detecting concentration of hydrocarbons present in
exhaust gases;

a second HC sensor arranged in said exhaust passage
at a location downstream of said three-way catalyst
for detecting concentration of hydrocarbons pres-
ent in exhaust gases;

deterioration-determining means for comparing an
output from said first HC sensor with an output
from said second HC sensor and for determining
from results of said comparison whether said three-
way catalyst is deteriorated,;

memory means for storing at least one of a value of
said output from said first HC sensor and a value of
said output from said second HC sensor when the
supply of fuel to said engine is interrupted; and

correcting means for correcting at least one of the
values of said outputs from said first and second
HC sensors by said at least one of said values of said
outputs stored, wherein said deterioration-deter-
mining means carries out comparison based on said
at least one of said values of said outputs corrected
by said correcting means.

7. A system according to claim 6, wherein said deteri-
oration-determining means determines whether said
three-way catalyst is deteriorated, from results of com-
parison between a ratio of a value of said output from
said second HC sensor to a value of said output from
said first HC sensor and a predetermined value.

8. A system according to claim 7, wherein said deteri-
oration-determining means determines that said three-
way catalyst is deteriorated when said ratio of said
value of said output from said second HC sensor to said
value of said output from said first HC sensor is larger

than a predetermined value.
*x x =% % X
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